In the past years, titania (titanium (IV) oxide, TiO 2 ) has been widely researched for its high photocatalytic activity, thermal and chemical stability, and non-toxicity. When combined with surface modifiers such as dopants or noble metals, it can acquire high activity in the visible-light range. In particular, in association with gold or silver particles exhibiting plasmonic resonances, it exhibits strong field enhancement and photocatalysis ability in a wide wavelength range [1] , making it a good candidate for the construction of bio-compatible functionalized substrates.
In Fig. 1 we show the basic cell of the functionalized substrate, composed of a square array of gold ellipsoidal nanoparticles with diameter of 40 nm and height of 20 nm on a titania substrate. The nanoparticles are very close at the edges, and are in direct contact with smaller titania nanospheres with diameter of 10 nm, that are trapped between them and the substrate.
II. NUMERICAL SIMULATION
The structure performance was simulated by the 3D-FDTD method using the Lumerical software package. The simulation domain is shown in Fig. 1 , and contains a simplified square array of five ellipsoids, bridged by titania nanospheres. The substrate thickness was set to 300 nm, enough to observe the surface effects and the scattering phenomena due to particleparticle and particle-substrate interactions. PML boundary 978-1-4244-9837-6/11/$26.00 ©2011 IEEE conditions enclose the simulation boundary, and different illuminations were considered: from the top by an x-polarized total field-scattered field source, as well as from the right side with horizontal (H) and vertical (V) polarization. The gold material was modelled by introducing complex refractive index values tabulated in literature from the Lumerical materials library, while for the titania a constant refractive index n = 2.7 was used.
III. RESULTS
The simulation was performed between 400 and 900 nm wavelength, and in the top-illumination case we observe that |E| 2 enhancement peaks in the xz-plane between the gold particles, with weak substrate scattering. The titania nanospheres interaction with the field, negligible for short wavelengths, increases as the wavelength is increased, as shown in the spectrum in Fig. 2 , taken as maximum on the xzplane itself. The normalized intensity enhancement peaks at a 650 nm wavelength, when it reaches a value of 380, at the red hot-spots in the xz-plane cut in Fig. 3 . In this case, the titania spheres are mostly affected near the interfaces with the gold particles, with hot spots presence along the x-axis, as shown in Fig. 4 , which corresponds to the horizontal cut through the middle of the titania spheres, where a residual enhancement of 120 is still present.
In case of H-polarized side-illumination (propagation from right side of Fig. 1 towards the negative x-direction) , we notice stronger scattering into the substrate from the leftmost gold particle. In this case the peaks are in the yz-plane, and the simulated field spectrum on the xz-plane shown in Fig. 5 has a dip at 740 nm, which in reality corresponds to the maximum enhancement of 1000, shown at the red hot-spots in the yzplane cut in Fig. 6 . The enhancement is mostly in the gaps between the gold particles with more limited interaction on the top of the titania spheres, and a residual enhancement of 230 at the middle of the titania spheres, as shown in Fig. 7 . In case of V-polarized side-illumination, we notice that the peaks are again in the xz-plane, but this time, due to the asymmetric excitation, the substrate scattering is higher, and the field enhancement is happening more on the far side (xnegative axis), with stronger scattering into the substrate from the leftmost gold particle. The simulated field spectrum on the xz-plane shown in Fig. 8 has a peak around 560 nm, which corresponds to the maximum enhancement of 340, shown at the red hot-spots in the xz-plane cut in Fig. 9 . The enhancement is again mostly in the gaps, touching the top of the titania spheres, and a residual enhancement of 230 is present at the middle of the titania spheres, as shown in Fig. 10 .
